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Commentary
COVID-19 is spatial: Ensuring that
mobile Big Data is used for social good
Age Poom1,2,3 , Olle J€arv1,2, Matthew Zook4 and
Tuuli Toivonen1,2
Abstract
The mobility restrictions related to COVID-19 pandemic have resulted in the biggest disruption to individual mobilities
in modern times. The crisis is clearly spatial in nature, and examining the geographical aspect is important in under-
standing the broad implications of the pandemic. The avalanche of mobile Big Data makes it possible to study the spatial
effects of the crisis with spatiotemporal detail at the national and global scales. However, the current crisis also highlights
serious limitations in the readiness to take the advantage of mobile Big Data for social good, both within and beyond the
interests of health sector. We propose two strategical pathways for the future use of mobile Big Data for societal impact
assessment, addressing access to both raw mobile Big Data as well as aggregated data products. Both pathways require
careful considerations of privacy issues, harmonized and transparent methodologies, and attention to the representa-
tiveness, reliability and continuity of data. The goal is to be better prepared to use mobile Big Data in future crises.
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privacy
This article is a part of special theme on Viral Data. To see a full list of all articles in this special theme, please click
here: https://journals.sagepub.com/page/bds/collections/viraldata
This crisis is spatial
The current COVID-19 pandemic highlights the strong
spatial dynamics of crises. The virus outbreak, mitiga-
tion measures to contain it and societal impacts all take
place across geography. Hot spots, quarantine, closed
borders, video-conferencing, and social distancing are
all profoundly about distance, separation, and space.
In short, the COVID-19 crisis is spatial and therefore
our responses must also be spatial.
We already see changes in the mobilities and socio-
spatial behavior of individuals and societies. Countries
continue to restrict border crossing, banning interna-
tional travel and implement national and regional con-
tainment measures to address local outbreaks.
Governments have taken drastic measures to limit the
usual daily mobility of people by temporarily closing
factories, schools, retail shops, restaurants, and
recreational facilities. People are strongly advised or
even required to work from home, and all social gath-
erings and face-to-face social interactions, both profes-
sional and leisure, have been and continue to be
banned in many places. In short, the response to the
COVID-19 pandemic is the biggest disruption to
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individual mobilities in modern times. Or, as Oliver
et al. (2020) argue, the measures to fight the virus
have not been as much pharmaceutical, as they have
been geographical.
Studying human mobility, individual movements in
space and time, has been part of the human geography
agenda since Torsten H€agerstrand in the 1960s
(H€agerstrand, 1970). What is different now is the scale
and scope of available spatial data. Namely, the ava-
lanche of data on individual activity spaces (geographic
areas where people conduct their social activities) for
entire populations collected by our mobile devices.
Mobile Big Data provides a ready means to study the
spread of the virus, understand the changes in people’s
daily interactions and mobilities, and track the recovery
process. In short, population-wide data on individual
activity spaces has ready application during the pandem-
ic: understanding the spread of the virus, evaluating
adherence to restrictions and analyzing the broader soci-
etal impacts of these policies. Our advocacy for the use
of these data, however, is tempered both by our experi-
ences in recent months with the limitations of using
mobile Big Data and our unease with the power of
these same data to track, surveil and discipline social
behavior at the scale of entire populations. The question
we pose here is: How can we use mobile Big Data for
social good, while also protecting society from social
harm? By social good, we mean improvements in the
quality of life for the general population rather than
individuals or sub-segments. To do so we outline lessons
learned from Estonia and Finland, as well as the prac-
tices of corporations more globally.
Pre-COVID-19 mobile Big Data research
Mobile Big Data refers to all Big Data with spatial
(geographic location of the event) and temporal (time
specification of the event) information. These data
reveal behavior of people in space and time via the
proxy of unique technological entities, e.g. smart or
mobile devices such as mobile phones, public transit
cards or sport watches as well as applications used on
these devices such as Twitter, Facebook or Google.
The ever-growing share of people carrying digital devi-
ces provide data that allows tracking of the spatial
flows of dynamic populations (Shoval, 2007), but also
the activity spaces of individuals across a range of spa-
tial and temporal scales (J€arv et al., 2018). These data
include call detail records collected by mobile network
operators as well data from mobile operating systems
(e.g., Android or iOS) that collect significantly denser
spatial and temporal data (via GPS and other signals)
and is only available to the developers of these systems
(e.g., Google or Apple). Geographically located posts
on social media platforms such as Twitter and
Instagram are a third example of mobile Big Data
about people’s activities and attention through their
content creation and curation practices (Poorthuis
et al., 2019) across space (Toivonen et al., 2019).
Finally, there are thousands of mobile applications
with location-based features, e.g. weather forecast pro-
viders such as The Weather Channel, sports apps such
as theScore, ride-sharing platforms and food delivery
companies that collect data on the location of individ-
uals more sporadically or surreptitiously. The rollout
of 5G networks and the internet of things open further
opportunities for mobile Big Data production and col-
lection including the means and opportunity to moni-
tor a population’s location continuously.
Analysis with these data has provided insights on a
wide variety of social phenomena and socio-spatial pro-
cesses, including crisis situations. Examples include, e.g.,
analysis on population mobility and commuting (Ahas
et al., 2015; J€arv et al., 2012), detecting functional eco-
nomic regions (Novak et al., 2013; OECD, 2020), the
provision and accessibility to state services (J€arv et al.,
2018), identifying migration flows (Kamenjuk et al.,
2017) and cross-border mobility (Silm et al., 2020a),
analyzing (in)equity between population groups and
spatial segregation (Mooses et al., 2016; Shelton et al.,
2015; Silm et al., 2018), supporting transport solutions
(Positium, 2019) and environmental management
(Heikinheimo et al., 2020; Poom et al., 2017), character-
izing tourist behavior (Campagna et al., 2015; Raun
et al., 2016; Saluveer et al., 2020), or reflecting the
lived experiences of people in case of disruptions
(Shelton et al., 2014). Much of this research is conducted
in countries where access to mobile Big Data has been
relatively easy. For example, in Estonia (Silm et al.,
2020b), the opportunities afforded by mobile Big Data
were already recognized in the mid-2000s and applied to
public planning, administration (Ahas and Mark, 2005)
and tourism monitoring (Ahas et al., 2007).
Mobile Big Data have also been used in health
research to study how virus transmission is mediated
by human mobility as well as the impact of accessibility
on healthcare. For example, Wesolowski et al. (2012)
tied the interregional spread of malaria to human travel
in Kenya, and Finger et al. (2015) showed how mass
gatherings became hotspots for cholera outbreaks in
Senegal. Bengtsson et al. (2015) used mobile phone
data to improve predictions on the spatial evolution
of Haiti cholera epidemic, and Wesolowski et al.
(2015) applied similar mobile phone data to map the
uptake of preventive healthcare in Kenya. Kraemer
et al. (2018) showed that virus transmission models
that incorporated social media data resulted in similar
epidemiological inferences as traditional models. In
short, mobile Big Data can help us better understand
the spatial dimensions of social and health phenomena.
2 Big Data & Society
COVID-19 highlights the challenges of
mobile Big Data
Given this history of research with mobile Big Data, it
is not surprising that a number of projects have worked
to apply this knowledge to the COVID-19 pandemic.
These include how the virus spreads (Chang et al.,
2020), the efficiency of mobility restrictions (Kraemer
et al., 2020), and the social acceptance of restriction
measures (Statistics Estonia, 2020). However, the cur-
rent crisis also highlights serious limitations in our
readiness to use mobile Big Data and do so responsibly
(Benton et al., 2017; Zook et al., 2017).
For example, despite the long research tradition in
Estonia, mobile Big Data was not accessible to research-
ers during the COVID-19 pandemic because of ongoing
discussions between mobile network operators and
data protection agency. These deliberations focused on
differing interpretations of Estonia’s Electronic
Communications Act and the lack of clarity on a new
EU ePrivacy Regulation. This meant that the previous
well-functioning collaboration between network opera-
tors and researchers was no longer operating, rendering
raw data inaccessible. Instead, the Estonian state, in col-
laboration with mobile network operators, developed an
ad hoc solution to monitor the population’s daily mobil-
ity, albeit at a relatively high level of aggregation, to track
how well people followed instructions to avoid unneces-
sarymobility (Statistics Estonia, 2020). This was done via
quickly developedmethodological guidelines designed by
the Estonian state and a data intelligence company
Positium, applied by the network operators with undoc-
umented methodological details. As a result there was no
space for different data aggregation (needed for more
sophisticated analysis) or for longer term follow-up of
the situation. In sum, the Estonian case highlights how
the lack of legal clarity around using mobile Big Data
(held by private companies) can result in less useful appli-
cations than otherwise might be the case.
On the other hand, in Finland, access to mobile phone
data has been rather limited all the time due to strict
interpretation of privacy related legislation. While
mobile network operators have collaborated with
researchers and statistics officials, the scale was explor-
atory rather than operational. Recently, however, a
main mobile network operator, Telia, developed an
aggregated and anonymized data product allowing
mobility analysis at the scale of the entire population.
When the COVID-19 pandemic started, the existence of
this ready-made data product allowed governmental
officials and researchers quick data to uncover changing
mobility flows brought about by closing the borders of
the capital region and instructing citizens to avoid visit-
ing secondary homes (J€arv et al., 2020a, 2020b;
Kotavaara et al., 2020). However, the relatively simple
data product did not leverage or allow access to
individual-level raw data necessary to create custom spa-
tial and categorical aggregations. Moreover, because
Telia’s preconstructed data products were designed to
answer specific questions, they could not always address
the new questions resulting from COVID-19. Further
complicating the application of these data products
was that the methodology behind them was not trans-
parent enough to understand fully how the resulting
values are derived. Thus, even when access to mobile
Big Data is available, it may not be structured in ways
that fit the specific needs that arise during a crisis.
In addition to lessons from working with national
mobile network operators, it is also useful to understand
how some global companies deployed their mobile Big
Data capabilities. Large platform companies such as
Apple, Google or Facebook produced ad-hoc data prod-
ucts and visualizations of mobility during COVID-19.
This involved local reports based on the aggregated
data of customers, including the use of travel modes or
visits to various types of places (Apple, 2020; Google,
2020), or population maps for disease forecasting and
prevention (Facebook, 2020).However, becausemethod-
ologies behind these ad hoc data products were “black
boxed” (Pasquale, 2015), it is difficult to evaluate their
usefulness or potential for further use. Basic questions
such as which population groups were represented
remained unknown.AsGoogle (2020) noted their reports
“. . .shouldn’t be used for medical diagnostic, prognostic,
or treatment purposes. It also isn’t intended to be used for
guidance on personal travel plans.” In a very real sense,
application of mobile Big Data from these platforms was
limited to insiders rather than officials or citizens seeking
to identify hot spots or conduct contact tracing. This
echoes the experiences in Estonia and Finland, and
aptly illustrates boyd and Crawford’s (2012) observation
of how Big Data creates “new digital divides”. This also
results in very different analyses (profit vs. social good)
and creates methodological disharmony (“black box” vs.
open science) in processing and publishing results. In
short, the semi-opaque methodologies of mobility data
products from private companies frustrate efforts in
using these data to create applications targeted at the
public good.Moreover, lack of transparency aboutmeth-
ods exacerbates privacy and surveillance concerns, a par-
ticularly important point given platform- or government-
led actions for population control during the contain-
ment phase of the COVID-19 crisis (see Kitchin, 2020).
Improving mobile Big Data systems to
promote social good
These examples of mobile Big Data use during the
COVID-19 pandemic demonstrate the need to re-
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evaluate the public–private relationship with mobile
Big Data, particularly those associated with individual
level mobilities. If we have to accept the production,
collection, and monetizing of personal digital foot-
prints in the Age of Surveillance Capitalism1
(Zuboff, 2019), how might also we increase the social
good of these data? As outlined here, current practices
are occasional, ad hoc and opaque, organizationally
fragile, and lack an overall strategic approach to key
questions around privacy and surveillance. Towards
this goal, we propose two strategic pathways to apply
mobile Big Data for social good. Just as the COVID-19
pandemic is spatial, so too are many other important
social phenomena including gentrification, segregation
and accessibility, and understanding differences in
mobility can provide welcome insight.
First, we call for transparent and sound mobile Big
Data products that provide relevant up-to-date longitu-
dinal data on the mobility patterns of dynamic popu-
lations. To help increase their usefulness, data products
should be transparent about their production method-
ology, and ensure easy access and stability. While much
of the data in statistical offices are transparent, acces-
sible and stable, they are less useful for studying the
mobility and activity spaces of people especially in fast-
changing phenomenon like the COVID-19 pandemic.
Instead, the dynamics of mobility are more easily stud-
ied via mobile Big Data that are mostly collected and
processed by private companies. Not surprisingly, in
the recent months, there have been several calls for
privately owned large-scale mobile Big Data to be
shared for public health purposes (Buckee, 2020;
Ienca and Vayena, 2020; Oliver et al., 2020). While
we agree with these calls, we would extend them and
argue that availability of these types of data should
extend beyond the needs of health sector and this par-
ticular pandemic of COVID-19. Of course, given the
sensitivity of mobile Big Data, respecting personal pri-
vacy is paramount. Possible approaches might include
in-house aggregation by the data providers and testing
for deanonymization before sharing data products with
strict accessibility rules. Products should be developed,
tested, and used during normal times (i.e. non-crisis
situation), to provide a base for their quick application
when needed. To facilitate international comparisons
and analysis, data products should use coordinated
methodologies and joint data access platforms such
as offered by Eurostat, the EU-level statistical office.
Second, building from the idea of ready-made,
aggregated data products, we also see the need to devel-
op trustworthy platforms for collaborative use of raw
individual level data. Secured and privacy-respectful
access to near real-time raw data is needed for devel-
oping and testing sound methodologies for the above-
mentioned data products. This would help bridge
the Big Data digital divide, enable scientific innovation,
and offering needed flexibility in responding to unan-
ticipated questions on changing locations and mobili-
ties in case of crises. Bottom-up initiatives of data
donations and individual data control like MyData2
are useful, but do not yet solve the problem. These
initiatives tend to involve people with higher knowl-
edge, energy, and capacity to manage their personal
data and generally miss more marginalized groups
resulting in biased conclusions about society. Models
for allowing vetted researchers to work with anony-
mized individual level data at firewalled data centers
include the US Census Bureau’s Research Data
Center or the research services of Statistics Finland/
Statistics Estonia. Incentivizing or compelling corpora-
tions to contribute data would be challenging but
might be achieved via social responsibility programs,
or legislation requiring data contributions to be
allowed to operate within a legal jurisdiction. To be
clear, we do not view this as simple to achieve, partic-
ularly as we weigh what kind of institution might best
fill this role. National Libraries? Academies of Science?
United Nations? An independent non-profit with rep-
resentation from stakeholder communities (users, gov-
ernments, business, etc.) akin to ICANN3? And this is
but the first of many questions. How might any of these
institutions avoid capture by powerful players?
Equally, how is “social good” defined and operation-
alized in practice when granting access to researchers or
state actors? While these questions remain to be
answered, we argue that addressing them via public
debates and academic discourses will leave us better
prepared for the next crisis even if progress on these
two pathways falls short.
Four axioms for moving forward
Summing up, there are important lessons to take from
the current pandemic and about the challenges of
accessing and making useful applications of mobile
Big Data. While we have sketched out two pathways
forward, we recognize that these are not the only
options available. Therefore we will end this commen-
tary by sketching out four axioms we believe to be
fundamental in creating a common framework for
gathering and using mobile Big Data.
First, we need harmonized and representative data
about human mobility for better crisis preparedness and
social good in general. While an ad-hoc analysis strategy
in Estonia and Finland has been rather satisfactory in
case of the COVID-19 pandemic, it also suffered from a
limited ability to address specific actions and questions.
Second, methodological transparency about mobile Big
Data products (particularly coming from private compa-
nies) are vital for open societies and for capacity building.
4 Big Data & Society
The present trend in which “corporate secrecy expands
as the privacy of human beings contracts” (Pasquale,
2015: 26) must be countered so that mobile data is
used for social good rather than simply corporate
profit. Third, access to mobile Big Data to develop feasi-
ble methodologies and baseline knowledge for public
decision-making is needed before the next crisis occurs.
As our examples outline, solving data access issues can
provide new opportunities for increasing the expertise
and capacity of researchers working on human mobility
and other socio-spatial phenomena. It is vital that the
related developments and discussions happen in
“normal” times rather the high-pressure and compressed
timelines of a crisis. Fourth, and the most relevant of all
is recognizing the fundamental spatiality of the current
COVID-19 crisis and crises more generally. The
COVID-19 pandemic (and every other social phenome-
non) has deep and important spatial dimensions that
spatial data can help us better understand and address
in ways that promote social good. The challenge, of
course, is doing so responsibly (Zook et al., 2017) via
sound and transparent methods and collaborations
across trustworthy platforms that do not normalize a
lack of spatial privacy.
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Notes
1. While not wishing to reify this as inevitable—after all sys-
tems of data collection, surveillance and monetization are
social constructions—we do take the pragmatic approach
that these kinds of practices will be hard to eliminate in the
short term.
2. An open platform for voluntary personal data
provision and management that enables commercial use
of the data while preserving privacy (https://mydatafi.
wordpress.com/).
3. Internet Corporation for Assigned Names and Numbers.
References
Ahas R, Aasa A, Mark €U, et al. (2007) Seasonal tourism
spaces in Estonia: Case study with mobile positioning
data. Tourism Management 28(3): 898–910. https://doi.
org/10.1016/j.tourman.2006.05.010
Ahas R, Aasa A, Yuan Y, et al. (2015) Everyday space–time
geographies: Using mobile phone-based sensor data to
monitor urban activity in Harbin, Paris, and Tallinn.
International Journal of Geographical Information Science
29(11): 2017–2039. https://doi.org/10.1080/13658816.
2015.1063151
Ahas R and Mark €U (2005) Location based services – New
challenges for planning and public administration? Futures
37(6): 547–561. https://doi.org/10.1016/j.futures.2004.10.
012
Apple (2020) Mobility trends reports. Available at: https://
www.apple.com/covid19/mobility (accessed 11 May 2020).
Bengtsson L, Gaudart J, Lu X, et al. (2015) Using mobile
phone data to predict the spatial spread of cholera.
Scientific Reports 5: 8923. https://doi.org/10.1038/
srep08923
Benton A, Coppersmith G and Dredze M (2017)
Ethical research protocols for social media health
research. In: Proceedings of the first workshop on ethics
in natural language processing, Valencia, Spain, 4 April
2017, pp. 94–102.
boyd d and Crawford K (2012) Critical questions for big
data: Provocations for a cultural, technological, and
scholarly phenomenon. Information, Communication &
Society 15(5): 662–679. https://doi.org/10.1080/
1369118X.2012.678878
Buckee C (2020) Improving epidemic surveillance and
response: Big data is dead, long live big data. The
Lancet Digital Health 2(5): e218–e220. https://doi.org/10.
1016/S2589-7500(20)30059-5
Campagna M, Floris R, Massa P, et al. (eds) (2015) Planning
Support Systems and Smart Cities. Lecture Notes in
Geoinformation and Cartography. Cham: Springer,
pp. 41–60. https://doi.org/10.1007/978-3-319-18368-8_3
Chang M-C, Kahn R, Li Y-A, et al. (2020) Modeling the
impact of human mobility and travel restrictions on the
potential spread of SARS-CoV-2 in Taiwan. MedRxiv.
Epub ahead of print 2020. https://doi.org/10.1101/2020.
04.07.20053439
Facebook (2020) Facebook Data for Good. Available at:
https://dataforgood.fb.com/ (accessed 11 May 2020).
Poom et al. 5
Finger F, Genolet T, Mari L, et al. (2015) Mobile phone
data highlights the role of mass gatherings in the
spreading of cholera outbreaks. Proceedings of the
National Academy of Sciences of the United States of
America 113(23): 6421–6426. www.pnas.org/cgi/doi/10.
1073/pnas.1522305113
Google (2020) COVID-19 community mobility reports.
Available at: https://www.google.com/covid19/mobility/
(accessed 11 May 2020).
H€agerstrand T (1970) What about people in regional science?
Papers of the Regional Science Association 24(1): 6–21.
Heikinheimo V, Tenkanen H, Bergroth C, et al. (2020)
Understanding the use of urban green spaces from user-
generated geographic information. Landscape and Urban
Planning 201: 103845. https://doi.org/10.1016/j.landurb
plan.2020.103845
Ienca M and Vayena E (2020) On the responsible use of dig-
ital data to tackle the COVID-19 pandemic. Nature
Medicine 26(4): 463–464. https://doi.org/10.1038/s41591-
020-0832-5
J€arv O, Ahas R, Saluveer E, et al. (2012) Mobile phones in a
traffic flow: A geographical perspective to evening rush
hour traffic analysis using call detail records. PLoS ONE
7(11): e49171.
J€arv O, Tenkanen H, Salonen M, et al. (2018) Dynamic cities:
Location-based accessibility modelling as a function of
time. Applied Geography 95: 101–110. https://doi.org/10.
1016/j.apgeog.2018.04.009
J€arv O, Willberg E, V€ais€anen T, et al. (2020a) COVID-19
changed the distribution of people in Finland in March
– Snapshots from aggregated and anonymized mobile net-
work data. In: Digital Geography. Available at: https://
blogs.helsinki.fi/digital-geography/2020/05/06/covid-19-ch
anged-the-presence-of-people-and-their-mobility-in-fin
land-during-march-snapshots-from-mobile-phone-data/
(accessed 17 May 2020).
J€arv O, Willberg E, V€ais€anen T, et al. (2020b) Towards
summer cottages: Mobility flows amid the COVID-19 out-
break in Finland in March. In: Digital Geography.
Available at: https://blogs.helsinki.fi/digital-geography/
2020/05/15/urban-dwellers-escaped-to-their-summer-cot
tages-amid-the-covid-19-outbreak-in-finland-in-march/
(accessed 17 May 2020).
Kamenjuk P, Aasa A and Sellin J (2017) Mapping changes of
residence with passive mobile positioning data: The case of
Estonia. International Journal of Geographical Information
Science 31(7): 1425–1447. http://dx.doi.org/10.1080/
13658816.2017.1295308
Kitchin R (2020) Civil liberties or public health, or civil lib-
erties and public health? Using surveillance technologies to
tackle the spread of COVID-19. Space and Policy. Epub
ahead of print 2020. https://doi.org/10.1080/13562576.
2020.1770587
Kotavaara O, Lehtonen O and Huovari J (2020)
Paikkatiedosta tukea yhteiskunnan avaamiseen ja koh-
dennettuihin toimiin koronan rajoittamiseksi. In:
University of Oulu. Available at: https://www.oulu.fi/
blogs/node/203622 (accessed 7 July 2020).
Kraemer MUG, Bisanzio D, Reiner RC, et al. (2018)
Inferences about spatiotemporal variation in dengue
virus transmission are sensitive to assumptions about
human mobility: A case study using geolocated tweets
from Lahore, Pakistan. EPJ Data Science 7: 16. https://
doi.org/10.1140/epjds/s13688-018-0144-x
Kraemer MUG, Yang CH, Gutierrez B, et al. (2020)
The effect of human mobility and control measures on
the COVID-19 epidemic in China. Science (New York,
N.Y.) 368(6490): 493–497. https://doi.org/10.1126/sci
ence.abb4218
Mooses V, Silm S and Ahas R (2016) Ethnic segregation
during public and national holidays: A study using
mobile phone data. Geografiska Annaler, Series B:
Human Geography 98(3): 205–219. https://onlinelibrary.
wiley.com/doi/full/10.1111/geob.12100
Novak J, Ahas R, Aasa A, et al. (2013) Application of mobile
phone location data in mapping of commuting patterns
and functional regionalization: A pilot study of Estonia.
Journal of Maps 9(1): 10–15. https://doi.org/10.1080/
17445647.2012.762331
OECD (2020) Delineating functional areas in all territories.
In: OECD Territorial Reviews. Paris: OECD Publishing.
Available at: https://doi.org/10.1787/07970966-en
(accessed 15 June 2020).
Oliver N, Lepri B, Sterly H, et al. (2020) Mobile phone data
for informing public health actions across the COVID-19
pandemic life cycle. Science Advances 6(23): eabc0764.
https://doi.org/10.1126/sciadv.abc0764
Pasquale F (2015) The Black Box Society. Cambridge:
Harvard University Press.
Poom A, Orru K and Ahas R (2017) The carbon footprint of
business travel in the knowledge-intensive service sector.
Transportation Research Part D: Transport and
Environment 50: 292–304. http://dx.doi.org/10.1016/j.trd.
2016.11.014
Poorthuis A, Power D and Zook M (2019) Attentional social
media: Mapping the spaces and networks of the fashion
industry. Annals of the American Association of
Geographers 110(4): 941–966. https://doi.org/10.1080/
24694452.2019.1664887
Positium (2019) Use case: Building a smart city with data-
driven solutions, inclusivity and innovation in Tartu. In:
Positium. Available at: http://positium.com/blog/smart-
city-data-driven-solutions-innovation-in-tartu (accessed
22 June 2020).
Raun J, Ahas R and Tiru M (2016) Measuring tourism desti-
nations using mobile tracking data. Tourism Management
57: 202–212. https://doi.org/10.1016/j.
tourman.2016.06.006
Saluveer E, Raun J, Tiru M, et al. (2020) Methodological
framework for producing national tourism statistics
from mobile positioning data. Annals of Tourism
Research 81: 102895. https://doi.org/10.1016/j.annals.
2020.102895
Shelton T, Poorthuis A, Graham M, et al. (2014) Mapping
the data shadows of hurricane sandy: Uncovering the soci-
ospatial dimensions of ‘big Data’. Geoforum 52: 167–179.
https://doi.org/10.1016/j.geoforum.2014.01.006
6 Big Data & Society
Shelton T, Poorthuis A and Zook M (2015) Social media and
the city: Rethinking urban socio-spatial inequality using
user-generated geographic information. Landscape and
Urban Planning 142: 198–211. https://doi.org/10.1016/j.
landurbplan.2015.02.020
Shoval N (2007) Sensing human society. Environment and
Planning B: Planning and Design 34(2): 191–195. https://
doi.org/10.1068/b3402com
Silm S, Ahas R and Mooses V (2018) Are younger age groups
less segregated? Measuring ethnic segregation in activity
spaces using mobile phone data. Journal of Ethnic and
Migration Studies 44(11): 1797–1817. https://doi.org/10.
1080/1369183X.2017.1400425
Silm S, Jauhiainen J, Raun J, et al. (2020a) Temporary pop-
ulation mobilities between Estonia and Finland based on
mobile phone data and the emergence of a cross-border
region. European Planning Studies. Epub ahead of print
2020. https://doi.org/10.1080/09654313.2020.1774514
Silm S, J€arv O and Masso A (2020b) Tracing human mobi-
lities through mobile phones. In: Büschner M,
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